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Abstract 
A mediator-less double-chamber microbial fuel cell was constituted by sulfate-reducing bacteria for the first time, 
using the Sodium lactate as the substrate (carbon source) and adding a fixed resistor resistance. Taking output voltage 
and output power density as evaluation indexes, the power generation performances of four anodic materials 
including copper, aluminum, carbon cloth and carbon particles were compared. Affecting factors of microbial fuel 
cell performance such as the operation temperature, the electrode spacing and the solution ionic strength were 
investigated and optimized in this study. Sulfate-reducing bacteria were domesticated intermittently. The results 
showed that microbial fuel cell had the best performance of electricity generation when the anodic material was 
carbon cloth; the cathodic material was copper; the operation temperature was 25 ℃; the electrode spacing was 2 cm; 
the solution ionic strength was 7 g/L and the external resistor resistance was 1000 Ω. The maximum output voltage 
could be up to 0.8 V, and the maximum output power density could be 711.1 mWm-2 when the 5th online 
domestication period was finished. 
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1. Introduction  
With the advance of technology, the demand for non-renewable resources such as oil, coal and natural 
gas is increasing daily. So the energy crisis is imminent. The World Energy Council estimates that non-
renewable energy resources will run out in the middle of the 21st century. At the same time, however, the 
microbial fuel cell (MFC) enters into people’s sight as a kind of new high-efficient green energy.     
MFC is a kind of installation that uses microorganism as anode catalyst and changes chemical energy 
into electrical energy directly. Due to its abundant fuel resource, it is widely concerned and studied. It is 
not yet commercialized but shows great promise as a method of wastewater treatment and desalination of 
brackish water and as power sources for environmental sensors [1] [2] [3]. This study initiatively used 
sulfate-reducing bacteria (SRB) to set up a mediator-less double-chamber MFC, and then studied the 
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effect of several factors to the MFC operation. Based on the above, we optimized the operation condition 
of MFC and domesticated SRB to enhance the ability of electricity generation [4]. 
Wherever Times is specified, Times Roman or Times New Roman may be used. If neither is available 
on your word processor, please use the font closest in appearance to Times. Avoid using bit-mapped fonts 
if possible. True-Type 1 or Open Type fonts are preferred. Please embed symbol fonts, as well, for math, 
etc. 
2. Materials and methods 
2.1 MFC construction 
The schematic device of MFC was shown in Fig.1. The main unit was made by the organic glass. The 
volume of cathodic chamber and anodic chamber was both 250 mL. The two chambers were separated by 
a proton-exchange membrane (PEM) which ideally allowed the exchange of protons through the 
electrolyte (water) and not through substrate [5]. Three holes (2.0 mm in diameter and for different 
electrode positions) were placed at the top of each chamber, and the two chambers were sealed. The 
external circuit loaded a debug resistance. 
 
 
Fig.1 The schematic of the main structure of MFC 1- Anode, 2- Cathode, 3- Resistor, 4- Bolt, 5- Hole, 6- PEM 
2.2 Measuring method 
Output voltage (U) generated during experiments for long-term operation was recorded directly every 
30 seconds, using an electrochemical workstation connected to a personal computer via a universal serial 
bus (USB, Intel) interface [6]. The external resistor could vary between 100Ω and 20000 Ω and was 
measured by a digital multimeter. In order to compare electricity generation in different configuration of 
MFC, the voltages obtained were converted to power density P (mWm-2) based on reactor volume. The 
power density of MFC was expressed as P=UI/A, where I (A) was the current and A (m2) was the cross-
sectional area (projected) of the anode. Internal resistance of MFCs was determined through linear 
regression deduced from Ohm law expressed as U=ε-Ir, where U (V) was the voltage drop at external load; 
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ε (V) was the electromotive force; I (A) was the current and r (Ω) was the internal resistance of the cell, 
which could be read from the slope of the regression line, respectively [7]. 
2.3 Activation of SRB and start-up of MFC 
The bacteria of MFC were SRB that screened and purified from the Songhua River. SRB was 
facultative anaerobic bacteria and could use SO42- as the final electron acceptor at the cathode [8].  
Firstly, the bacteria were activated. SRB was inoculated in the anaerobic medium which mainly 
contained sodium lactate and SO42-. Culture in 29  circumstance, and culture 4 d. Secondly, biofilm ℃
was formed. The activated SRB was inoculated in the anode chamber including anaerobic medium to 
cultivate for 2 d. The purpose was to make SRB attach to the surface of the anode. The attachment can 
obviously reduce the biofilm’s maturation time.  
During the start-up phase, the anodic solution was poured out after the biofilm formed. Then fresh 
sterile anoxic anodic medium and cathodic solution were quickly fed into two corresponding chambers. 
Two-chambers were quickly sealed, and the performance of MFC was tested from then on [9]. 
3. Results and discussion 
3.1 Comparison of electricity generation under different anodic materials in MFC 
Copper, aluminum, carbon cloth and carbon particles were used as the anodic materials, respectively. 
And Cathodic material was always copper, and two-chambers were connected by a proton exchange 
membrane. Except for the carbon particles, the electrodes area was 3 cm × 3 cm; the electrode spacing 
was 10 cm; the circumstance temperature was 25 ; the sodium chloride concentration was 5 g/L and the ℃
external resistor resistance was 1000 Ω. Then the performance of electricity generation was tested. As 
shown in Fig.2. The MFC which took carbon cloth or carbon particles as the anode could output the 
highest voltage (393 mV) and power density (169.9 mWm-2). It was the strong adsorption of carbon cloth 
and carbon particles that could make large numbers of SRB adhere to the surface of anode and showed a 
good performance in test. Whereas these microorganisms that adhered to the electrode surface played the 
main role in generating electricity. Because the surface of anode was so smooth that SRB could not be 
adhered to copper and aluminum, the MFC using copper and aluminum as the anode output the lowest 
voltage and power density. However, the lowest output voltage (248 mV) and power density (68.3 mWm-
2) were produced by a MFC using copper as the anode. The reason seemed to be that the toxicity of heavy 
metals decreased the activity of SRB [10-13]. So carbon cloth was used as the anodic material. 
3.2 Comparison of performance of MFC under different temperature 
The circumstance temperatures were set to be 4 , 15 , 25 , 30  with other conditions fixed. ℃ ℃ ℃ ℃
Results were shown in Fig.3. The output voltage and power density had little changes under the 
temperature of 15 , 25  and℃ ℃  30 . In other words, the temperature at the range of 15℃  ℃-30  had ℃
little effect on the performance of MFC. However, The performance of MFC decreased conspicuously at 
4 . Because the activity of SRB reduced significantly when temperature went down, the bacteria were ℃
almost in a dormant state in a 4  circumstance, thus the output power℃  of MFC was very low. So the 
operating temperature was 25 . ℃  
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Fig.2 Variation of output voltage under different materials with time ●- aluminum, ■- copper, ▲- carbon particles, ▼- carbon cloth 
 
Fig.3 Variation of output voltage under different temperature with time ■-4 ℃，●-15 ℃，▲-25 ℃，▼-30 ℃ 
3.3 Determination of the optimal electrode spacing 
Electrode spacing values were set to be 2 cm, 6 cm, 10 cm and 15 cm with other conditions fixed. 
Then the different results were shown in Fig.4. The maximum output voltage (595 mV) and power 
density (393.4 mWm-2) were produced when the electrode spacing was 2 cm. With the electrode spacing 
increasing, the output voltage and power density decreased gradually, and when the electrode spacing was 
15 cm, the output voltage and power density were the lowest. Because the distance of proton transfer 
increased with the increasing of electrode spacing, the efficiency of proton transfer decreased. As a result, 
the performance of electricity generation reduced. So the final electrode spacing was 2 cm. 
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Fig.4 Variation of output voltage under different electrode spacing with time ■-2 cm，●-6 cm，▲-10 cm，▼-15 cm 
3.4 Determination of the optimal ionic strength of anode 
The concentration of sodium chloride in the anode chamber were set to be 1 g/L, 3 g/L, 5 g/L and 7 
g/L with other conditions fixed. As can be seen from Fig.5, the output voltage and power density 
increased with the increase of the concentration in the initial stage.The output voltage (611 mV) and 
power density (414.8 mWm-2) reached the maximum when the concentration was 5 g/L. And then the 
performance of MFC came to be the lowest when the concentration increased to 7 g/L. The increasing of 
power density was due to the increasing of ionic strength. In other words, the proper ionic strength could 
improve the performance of the cell by raising the rate of proton transfer. Decrease of electricity 
generation at 7 g/L was due to the death of SRB under extremely high concentration of sodium chloride. 
So the optimal concentration of sodium chloride was 5 g/L. 
 
Fig.5 Variation of output voltage under different ionic strength with time  ■-1 g/L，●-3 g/L，▲-5 g/L，▼-7 g/L 
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3.5 Online domestication 
It was significant to domesticate strains for improving the performance of electricity generation. The 
strains were cultured to adapt to the environment by online domestication. Thus the electricity generation 
of MFC could be improved essentially. 
The activated SRB was inoculated into the anode chamber containing anaerobic medium and was 
cultured for 2 d. Then the anodic solution was poured out, and fresh sterile anoxic anodic and cathodic 
medium were quickly fed into respectively. After that the two-chambers were quickly sealed. At the same 
time, the 1th online domestication started. The 1th online domestication was achieved when output 
voltage was up to the maximum, and the SRB was repeatedly domesticated as the 1th one. The results of 
domestication were shown in Fig.6. With the number of the domestication cycle increasing, the 
performance of electricity generation was improved, because the SRB gradually adapted to the 
environment of electricity generation. The maximum output voltage could be up to 0.8 V, and the 
maximum output power density could be 711.1mWm-2 when the 5th online domestication period was 
finished. 
 
Fig.6 Variation of output voltage under different domestication cycle with time  ■-1th cycle，●-2th cycle，▲-3th cycle，▼-4th 
cycle，◄-5th cycle 
4. Discussion 
The optimal conditions of operation were as follow: the catalytic microorganism was SRB; the anodic 
material was carbon cloth; the electrode spacing was 2 cm; the concentration of sodium chloride was 7 
g/L and the culturing temperature was 25 ℃. The output voltage was 0.611 V, and the power density was 
414.8 mWm-2. 
After the 5th domestication, the ability of electricity generation has been significantly increased. The 
maximum output voltage could be up to 0.8 V, and the maximum power density could come up to 711.1 
mWm-2. 
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